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INTRODUCTION
Forest coverage in Tuscany exceeds one million hectares, of which 120,000 belong to the "Regione Toscana" as public property, administered by local authorities (Comunità Montane and Municipalities), and another 100,000 to other public institutions. In Tuscany, forests have always been a resource of fundamental importance; they remain to be fully developed in economic and productive terms, but are also seen as an increasingly valuable asset for the environment and for the landscape. The active relation between man and nature has been decisive in the creation of different environments, of forest landscapes and structures, each unique and unrepeatable. The development of the rural landscape in Tuscany is also connected to the correct appreciation of woods as a resource, of their societal and cultural meaning, and not just their productive significance. The memory and conservation of cultural forestpractices from the past could become a valid cultural stimulus and attraction for naturalistic tourism. The forest sector today is called upon to respond to demands that are much more diversified than in the past, reflecting the needs of a constantly changing society. Forest areas increasingly serve the needs of a general interest which goes far beyond the interests of private property: as a carbon sink, as a green space where people can spend their leisure time, as an environment favouring soil conservation and a place where water can be stored and protected. These new needs require a gradual adaptation of our overall forest culture, as well as specific forest management practices and continuous surveillance. In particular, the biological cycles of the principal forest species, which are normally very long, require the adoption of long-term planning as a rule and method for forest management.
In this context, the crown condition of the forests belonging to the Region of Tuscany has been monitored since 1987, with the aim of defending forests against atmospheric pollution, parasite infestations and environmental factors in general. Tuscany was one of the first regions in Italy to establish this kind of monitoring programme, which was co-funded by the European Union within the "Scheme for the protection of forests against atmospheric pollution" (EU Regulation 3528/86 and following). Originally the monitoring network was extensive (the so-called Level I network, see below), in other words aiming at providing statistics on the status of trees in public forests. At a later stage, alongside the Level I network, another network was set up, intensive in nature (Level II and III) notion of intensive monitoring, into what can now best be defined as "integrated" monitoring. The overall picture of the monitoring system active in Tuscany from 1987 (Level I) and then from 1995 onwards (Level II-III) is shown in figure 1, while its development over time is illustrated in table 1. This research was carried out in a collaborative study by the Italian Botanical Society, the Department of Environmental Sciences of the University of Siena, the Department of Plant Biology of the University of Florence and the Florence-based consultancy agency LINNAEA ambiente. Thanks to this activity today the Tuscan Region is one of the few Italian regions possessing up-to-date information on the condition of its forests and on the environmental factors capable of exerting a negative influence on forest ecosystems. The purpose of this paper is to provide a historical overview of the programme, describe the current status and the future prospects of the Tuscan forest ecosystem monitoring system.
HISTORICAL OVERVIEW

Large-scale monitoring of forest condition: Level I
Initially the monitoring network consisted of more than 400 sample plots distributed throughout the forests belonging to the Region (Clauser et al. 1988; Bussotti et al. 1991 a, b) . From 1991 the sample was reduced to 110 plots, with more than 2500 trees under observation, concentrating on a group of forests that were considered of special regional interest (Bussotti et al. 1995) , listed in table 2 and figure 1. The condition of the trees in these sample plots is still monitored, although at different time intervals. An example of the results that can be obtained by monitoring tree status is shown in figure 2. Findings in this figure refer to the period 1987-1997. As can be seen, there appeared to be a trend towards worsening conditions for silver fir, black pine, beech and pubescent oak. In some cases tree condition can be related to the influence of rainfall, but generally speaking insects are the main recognizable factors causing injury to trees. The Level I network proved to be efficient not only in relation to atmospheric pollution, but was also a useful tool for monitoring the overall health status of regional forests. Based on the experience provided by this Level I network, the Tuscan Region was able to contribute actively to the development of the pan-European EC -UN/ECE programme. In fact, the Tuscan Region hosted the three Intercalibration Training Courses for Mediterranean countries, in 1988 (Florence), 1990 (Volterra) and 1999 (Siena). Experts from Tuscany also contributed to the European Manual for crown assessment of Mediterranean species (Ferretti 1994) .
Intensive monitoring of forest ecosystems: the Level II network and the MON.I.TO. programme
In 1995 the Tuscan Region launched the MON.I.TO. programme. The purpose of this programme was to meet two needs: to establish a Level II network within the context of EU -UN/ECE European activities, but without neglecting the historical continuity provided by the findings of the Level I network. Under the MON.I.TO. programme, six permanent plots were established in Tuscany, in three forest types of special ecological interest, as shown in figure 1 and tables 3-4: -2 plots in Apennine forests (beech woods), one in Vallombrosa and the other in Foresta del Teso; L. Bartolozzi et al. 132 -2 plots in hilly forest formations in central Tuscany (Turkey oak woods), in the woods at Ulignano (Val di Cecina) and Madonna della Querce (Amiata); -2 plots in Mediterranean woods (holm oak woods), at Colognole (Valle Benedetta) and Cala Violina (Bandite di Scarlino). Beech, Turkey oak and holm oak were chosen because they are representative of the most important forest ecosystems in Tuscany (they cover 63,632 ha, 83,840 ha and 25,536 ha respectively in the region). The plots were chosen so that each pair of permanent plots included two clearly differentiated ecological situations, one more xeric, the other more mesic. The rationale for this was the consideration that, in conditions of widespread pollution, the quantity of deposition depends essentially on the quantity of precipitation.
A wide range of investigations was performed on each plot, following the indications given in European manuals and regulations, but applying an original approach based on scientific research criteria (Tab. 5). The conceptual framework and the structure of MON.I.TO. are clearly illustrated in Bartolozzi et al. (1996) . The findings have been published in international scientific journals, in papers such as Ferretti et al. (1999) , Loppi et al. (1999) , Wilson & Chiarucci (2000) , Chiarucci et al. (2001) , Bussotti et al. (2000 Bussotti et al. ( , 2002a . Some examples are reported in figure 3 and tables 6-8. Figure  3 ( after Ferretti et al. 1999) shows the behaviour during the study period 1995-97 of some ecological indices related to crown conditions, crown productivity and biodiversity. Table 6 reports the characteristics of the atmospheric depositions in the Level IIb areas. The high contribution of stem-flow in the beech forest is noticeable; this is due to the characteristic branching and bark of beech trees. Finally, tables 7-8 show how carbon and nitrogen may be stored in soil and leaves.
In 1996 TO. I and II the notion of intensive monitoring, an interest in maintaining a monitoring programme on forests and the measuring sites, but it has broadened its range of interest so as to include issues such as environmental change, the greenhouse effect and biodiversity. For these reasons, and in view of the questions that it will address, this third development stage of MON.I.TO. has transformed an intensive programme into an integrated monitoring programme.
Tab. 3. Site features of the 6 MPM (Monitoring Permanent Plots -Level IIA-B and Level III). More information in Bartolozzi et al. 1996 1995 1996 1997 1995 1996 1997 1995 1996 1997 1995 1996 1997 1995 1996 1997 1995 1996 1997 1995 1996 1997 1995 1996 1997 1995 1996 1997 1995 1996 1997 1995 1996 1997 1995 1996 1997 1995 1996 1997 1995 1996 1997 1995 1996 1997 1995 1996 1997 1995 1996 1997 1995 1996 1997 The aims of the new programme are: (i) to maintain the existing monitoring system of Tuscan forests by continuing activities in Level I and II plots; (ii) to provide a quantitative estimate of levels of carbon stocks in the above-ground biomass and (iii) to achieve a quantitative estimate of plant species diversity in Tuscan forests. In order to do this, the programme must bridge the traditional gap between forest inventories and monitoring activities, using the findings of both in an integrated manner. MON.I.TO. III TOpModel is thus made up of three modules: (b) biodiversity, (c) carbon and (s) status. This last module is no more than the continuation of the earlier MON.I.TO. I and II programmes.
THE WAY FORWARD
Over the years MON.I.TO. has established itself as one of the most complete regional monitoring programmes. The MON.I.TO. plots have provided data not only for CONECOFOR, but are also part of other international networks, such as UN/ECE ICP on Integrated Monitoring of Air Pollution Effects on Ecosystems and Global Terrestrial Observing System (GTOS) -Terrestrial Ecosystem Monitoring Sites (TEMS). Forest condition monitoring is furthermore considered an element of central importance in the SFM process (Sustainable Forest Management -Helsinki process), in that it not only provides data for the indices envisaged in Criterion 2 (Maintaining health and viability of forest ecosystems), but can also usefully contribute data to Criterion 1 (Maintaining and improving forest resources and their contribution to the global carbon cycle) and Criterion 4 (Maintaining, preserving and improving biological diversity in forest ecosystems).
Thus, based on past experience and in harmony with the philosophy of the TopModel pilot project, the future development of the MON.I.TO. programme will be based on the key words Atmospheric Pollution -Carbon Cycle -Biodiversity -Sustainable Forest Management. This involves improving links and collaboration with the Tuscan Forest Inventory (TFI) and other regional environmental information programmes (metereology, air quality, pest infestations) so as to establish an integrated terrestrial system capable of providing information which can be used to develop scientifically-sound forest and territorial planning programmes.
CONCLUSIONS
Originally designed to provide baseline data on tree condition through large-scale surveys, the monitoring of forest ecosystems in Tuscany has evolved into a more complex system, in which different compartments and a wide range of chemical, biological and physical properties are assessed. Fundamental to the success of the programme is the fruitful cooperation between the project partners and the local resource managers, as well as the national and international organizations coordinating the relevant monitoring activity. The programme has allowed an identification of baseline conditions and deviations from them, thus providing qualitative and quantitative information on the major threats to forests in Tuscany. As well as continuing in its current activity, the new evolution of the programme will take into consideration further issues of concern, such as sustainable forest management, biodiversity and carbon stocks. This will make the programme fully up-to-date and in line with international political and environmental concerns. 
